OF the wide variety of diseases caused by herpes-simplex virus (HSV) possibly the most severe is acute necrotising encephalitis, which is associated with a high mortality and, in the survivors, with varying degrees of permanent damage to the brain.
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Dilutions of serum or CSF were applied to BHK21 cells on cover slips and after incubation for 1 hour at 35°C these were washed with PBS for 1 hour at room temperature. Fluoresceinconjugated anti-human IgM or IgG (Burroughs Wellcome), which had been previously absorbed with BHK21 cells, was then added for 30 min. at room temperature. Preliminary tests had shown that fluorescein-conjugate dilutions of 1 in 8 and 1 in 40, respectively, gave the best contrast between non-specific background and specific fluorescence. After another wash in PBS, the cover slips were mounted in glycerol-PBS and examined with a Vickers " Patholette " microscope with tungsten-halogen lamp and interference filters. The antibody titre was the highest dilution of serum or CSF that gave distinct, specific fluorescence.
Some sera, described in the text, were also examined for IgM antibody after fractionation on sucrosedensity gradients. Fractionation was done by layering 0-4 ml of a 1 in 2 dilution on to a 1 0 4 0 % (w/v) sucrose gradient, centrifuging overnight at 35,000 r.p.m. in a 3 x 5 ml swing-out rotor of a Super Speed 40 Centrifuge (MSE) and collecting twelve fractions. Fraction no. 2, which contained IgM but no IgG, as shown by double diffusion against antiIgM and anti-IgG antisera (Behringwerke), was examined for anti-HSV IgM antibody by indirect immunofluorescence as already described. The concentration of total IgM in this fraction, as well as in the original whole serum, was also measured in S-Partigen-IgM immunodiffusion plates (Behringwerke).
RESULTS

Antibody responses in patients with primary HSV infection
Because some of the sera available to us for testing had already been inactivated, we studied the effect of heating at 56°C for 1 hour on HSV-specific IgM antibody levels, with four sera known to contain such antibody. As no reductions in antibody titre were found, we felt justified in accepting the tests for IgM antibody on the inactivated sera as reliable.
As shown in table I, primary infection, oral and genital, was always followed by the appearance of both IgG and IgM antibody, and in four patients antibody was detected earlier by immunofluorescence than by complement fixation. IgG antibody, as measured by immunofluorescence, had usually appeared by the 5th day, increased to a titre of 64-128 and persisted throughout the period of observation. One patient, no. 6, whose CF antibody titre had decreased to <4 after 400 days still had an immunofluorescent-IgG titre of 16. In no case was IgM antibody detectable before IgG, and even in the earliest specimens the IgG titre was always higher than the IgM. Whilst this might be due to different sensitivities of the techniques used to measure IgG and IgM antibody, the same techniques applied to a patient with measles on the 3rd day of illness, with Vero cells infected with the Edmonston strain of measles virus as antigen, gave a measles IgM-antibody titre of 16 with IgG antibody detectable only in undiluted serum and a CF antibody titre of <4.
The IgM-antibody titre reached at least 16 in all of the patients, except no. 5 from whom a serum specimen could be obtained only on the 6th day of illness. Two patients (nos. 1 and 7) still had a titre of 8 as late as 53 and 57 days, and patient 2 had a titre of 16 after 188 days without any clinical recurrence of her herpes infection. To exclude the possibility that these might be false readings due to rheumatoid factor (Fraser, Shirodaria and Stanford, 1971) , sera were retested after absorption with aggregated IgG but the titres remained unchanged. Three patients (nos. 6, 7 and 9), who were reexamined 80, 250 and 400 days
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3 respectively after the onset of illness, then had IgM antibody titres of only 2 or less, as found in patients with a history of recurrent herpes (see below). Antibody titres in patients with recurrent herpes All five patients had CF and immunofluorescent-IgG antibody (table 11) , similar titres being obtained by both methods. Only two of the five patients had Pa tien t number detectable IgM antibody at levels of 2. Only undiluted serum from the three other patients gave some reaction with the anti-IgM conjugate, but the staining was faint and it is uncertain whether this represents traces of IgM antibody or non-specific staining. Three of the patients were examined for antibody before and after a clinical recurrence of their herpes infection, but no changes in titre were recognised. In three patients, nos. 15, 18 and 24, serum specimens were obtained early in the disease, at a time when there was little or no detectable CF antibody. However, in all three, the presence of IgG antibody was demonstrable by immunofluorescence. Subsequently, both CF and IgG antibodies increased, in parallel, to achieve titres higher than are usually seen in non-encephalitic, primary infections. IgM antibody did not appear before IgG antibody, and reached titres of 2-16 after 12-18 days.
Antibody titres Virus
In five patients, nos. 16, 17, and 19-21, the first serum available already had appreciable levels of both CF and IgG antibodies. IgM-antibody titres of 8 or more were achieved within the first 3 weeks of their illness, except in patient 16 whose titre was 4 on the 13th day, when he died. Patient 23 gave a definite history of cold sores and his IgM antibody titre remained at 2 throughout the course of the illness. Of particular interest was patient 22 whose IgM antibody titre was 4 on day 8 but was <2 at all subsequent examinations.
Because of the possibility that high levels of IgG antibody might block the attachment of IgM antibody to infected cells in the indirect immunofluorescence test and thus lead to falsely low readings for IgM, several sera were fractionated on sucrose gradients and the IgM-containing fractions were then
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19 serum. A blocking effect had, therefore, occurred only in patient 22, whose corrected titres for IgM antibody were now similar to those found in the other patients.
Antibody responses in the CSF in HSE
Both CF antibody and immunofluorescent IgG antibody were found in the CSF of all the cases examined, except patient 16 who died on day 13. Similar titres were obtained by both methods. The antibody persisted well beyond the acute stage of the illness and in patient 19 was still present more than a year later. The ratio of serum : CSF IgG antibody in these patients ranged from 1 : 2 to 1 : 10.
Although the CSF specimens could be examined for antibody by the immunofluorescence technique even when undiluted, because of the complete absence of non-spedic staining, only one of the nine patients examined had detectable IgM antibody in the CSF; this was patient 21 and the antibody was found only in a single undiluted specimen.
DISCUSSION
Our results show that, in primary HSV infection, IgG and IgM antibodies appear in the serum at the same time and that IgM antibody persists for at least 8 weeks. In uncomplicated rubella, specific IgM antibody is present for only 3-4 weeks (Vesikari and Vaheri, 1968; Best, Banatvala and Watson, 1969) and in measles it has usually disappeared by the 6th week (Connolly et al., 1971) . The more persistent response in HSV infection resembles that seen in infections with EB virus (Banatvala, Best and Waller, 1972 ) and cytomegalovirus (Schmitz and Haas, 1972) , both members of the herpesvirus group.
Persons with recurrent herpetic infections keep more or less constant levels of CF antibody, as a rule unaffected by the reactivations (Juel-Jensen and MacCallum, 1972) . This was confirmed for CF and IgG and IgM antibodies in the three patients who underwent recurrences during the present study. Because only two of the five patients with a history of recurrences had detectable IgM antibody, there is obviously no simple relationship between the persistence of this antibody and chronic herpesvirus infection.
Herpes-simplex encephalitis may occur as a primary infection, as a reinfection, or as a reactivation of latent infection (Leider et al., 1965) . In the primary infections, the specific IgM antibody response in the serum is similar to that seen in non-encephalitic primary infections. The one encephalitis patient with a history of cold sores showed an unchanging IgM antibody titre of 2, despite a four-fold rise in IgG and CF antibodies. Interference by high levels of IgG antibody with the detection of IgM antibody in the serum, as occasionally seen in rubella (Cradock-Watson, Bourne and Vandervelde, 1972) , infectious mononucleosis (Banatvala et al., 1972) , cytomegalovirus (Schmitz and Haas, 1972) and chlamydia1 infections (Juchau et al., 1972) , was found in only one of our cases.
The ratio of serum : CSF herpesvirus antibody in the encephalitis cases was never greater than 10 : 1, compared with a poliovirus-neutralising antibody ratio in the same patients (MacCallum, Chinn and Gostling, 1974) of 64 : 1 or more. This makes it highly likely that the herpesvirus antibodyin the CSF was made locally and had not simply diffused from the blood into the CSF. The antibody in the CSF was predominantly IgG and it persisted for a long time, more than a year in one case followed for that period. This may be a useful finding for making a retrospective diagnosis.
In contrast to the findings in subacute sclerosing panencephalitis (Connolly et al., 1971) , IgM antibody was not found in the CSF at any stage of the disease. In this respect herpes-simplex encephalitis in adults differs also from neonatal encephalitis due to HSV in which CSF IgM antibody has been found (Lerner et al., 1972) . The failure to detect IgM antibody in the CSF provides no information about the possible persistence of HSV in the brain.
The finding of serum IgM-antibody titres of 8 or more in primary infections with HSV, compared with titres of 2 or less in recurrences or reinfections, may prove to be of value in the diagnosis of HSE. It may be possible to differentiate between true primary HSE and encephalitis in patients who have encountered the virus in the past and to show whether there is any difference in the severity of disease in the two groups.
SUMMARY
In nine patients with oral or genital primary herpes-simplex-virus infection, examined by the indirect immunofluorescence technique, IgG and IgM antibodies were both present by the sixth day. Significant titres of IgM persisted for 8 weeks or more. No changes in antibody titre were observed in three patients with clinical recurrences; in only two of five patients with a history of recurrences was IgM detectable, and at low levels. Eight adult patients with herpes-simplex encephalitis (HSE) showed serum IgG and IgM antibody responses similar to those seen in the non-encephalitic primary infections, although in one of the cases the IgM antibody was detected only after sucrose density-gradient fractionation of the serum. Another patient with HSE and a past history of cold sores had a low, unchanging level of IgM antibody in the serum that persisted for about 10 weeks. IgG antibody, but no IgM antibody, was found in the CSF of the patients with HSE.
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